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mm 

^ ^ 7} 7}^ JL^- ^ ^ ofl ^o) ^-g-^ZL Input -Queued 

Crossbar Switch* ZL^ tfl-§-^ ^-g-*>7l^*V °l*Hl-SHJ- 

^ 31i4 i^^Hl rfl*V ^ ^ ^ 

N7fl£| input ports^}- M^l output ports^f input porter output port *>°1^ H-i: 
^^^M-Sltr N x N switch fabric^-S. t 1 ^^^. input port^ Head-Of-Line 

(HOD blocking^ ^ ^-g: $1*H N7fls) V0Q(Virtual Output Queue)* 7>*H , 
N 7fliq VOQ^ ^^f^lS n7fl^ VOQ^S. *^3_o3. £-£|=l L7fl^) V0Q n. 

^trtr. ^7lAi n £r ^o]^ L=N / n o]tf. L7fl^ V0Q H*£r ^ ^■ 

^€ switch fabric interface port* L7fl^ XSU^I AA 

^^€^r. 4^ 3" input port ^ a cell time slot s|rfl L7fl^ ^!-g- 

switch fabric 6 !) ^ii: 7>^*>cf. N x N 3.7} 3) switch fabric^L2 7fl^ 
XSUCCrossbar Switch Unit)S t^sM, A XSU^ arbitration* 
tb^. ^ XSU^ n7fl^l input ports^- n7fl^ output ports* 7}A™\ , A output 
portal ^ Q $3.7} si\ *r SUtt buffer7> &t}. ^ XSU output 

port 1 ! buffer7> 4* ^-o> §«g ^7> &* ^-f output portl 
arbitration* €* ^IfW. A XSlfe n 7fl^ =-«fj^l input porter n 7fl 

^ ^€ output portal ^tq-. N7fliS] Output ports^ >H^- 

arbitration* £ r s 3'?!: T: 3-. ^ output port^- L7fl^) switch fabric interface port* 
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^}<^\ ^r^€ L7fl^ XSIH ^^Sl^, output port arbiter^ a 

cell time slot L7i)£] XSU5.^-Ei a*tfl i 7 fl^ ^ ^SRr ^^4. 

5. 2 

Crossbar Switch, Arbiter, Scheduler, Scalability 
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°l*HI-*Hr1l 3Si«f cflH^^ ^*l-g- {Method and Apparatus for 

Two-D i mens ional -Seal able Crossbar Matrix Switch} 

£ 1^ ^- x N 3.5.itJ> nfle^^ ^^S.. 

£ 2^ ^ L27flsl ^ ^-S. N x N 

i«} *flB^ ^sHr y o v ^ £ . 

-£ 3-^ ^- ^-^^ XSU Arbiter^ 7>t1> arbiter i^t}] ^ &*\^. 

5. 4±r ^- XSU Arbiter^] 7}^*V arbiter^ 2 ^Tfl ^*]- 

£ 5^ ^- XSU Arbiter <H] ^-§- 7p§^ arbiter^ 3^3] ^ 

5. 6-& XSU Arbiter^ 7>^*1; Grant Arbiter 21 ^ 

-£ 7^ ^"^^ XSU Arbiter^] ^-§- 7}^ Accept Arbiter^ ^ 

£ 8-^ ^ 7}^ XSU Arbiter^ ^ln 1 ^ ^Hl* 

5- 9^ ¥r output portal ^-§- 7}i5-& Output Arbiter ^ 
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<io> 5. 10^r £ 7p§^ L2 7fl^ XSU Arbiter ^-N 7fl£] Output 

Arbiter^! interconnect ion* N x N 3Si«} nfl;eeJ>- Arbiter^ # 

<n> <E^£| -^^ofl tfltr ^> 

<i2> 1 VOQ : Virtual Output Queue 

<13> 2 XSU : Crossbar Switch Unit 

<i4> 3 XSM : Crossbar Switch Module 

<i5> 4 SDB : Scheduling Decomposition Buffer 

<16> ^ Ji^r tfl-g-^ ^*Rr ^. i^*!* 4 

# £^7] ^tr scheduling ^J^Hl rfltr W <HH^. £ LAN ATM 

&Q7], IP router ^ cfl-g-^ 3S^w> %-g- 7pg^}tf. # c] 

^■afla^S ^<5}^, -& n°l ^o]ji L = N / n U 1 L2 7fl£l n x n 

Crossbar Switch Unit* «?!^*><^ N x N nM^fe- 

^ input port^i output ports ^I^wM ^tr scheduling fHH tfltb 
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N x N Out put -Queued Switch^ ^-^ s.^ output ports, a time-slot °ll ^tfl 
N7fl^l ^ ^ 9l°] 0 \ *\B.S. iflal fabric*]- nflS-B^ ^4 

input line rateJi^ N«flsj #£5. lir^Hl 0 ) tr^K Output-Queued Switch7> 100%$] 
throughput 4 QoS ^M^H -f^rtr 7H^I^> JL^r ^*H1 3 -§-3*1 

^ ^ ol-fHr °W ^ speed-up €-*f| nfl^o]cf. 

Input-Queued switch^ ^-f fabric*} ^£.7 r input 

line rate^r <r &ttf= "fl^l tflJf-S-^ ji^ ^ ofl #o] 

^-g-slul &th jI^t Input-Queued switch^ Input portal ^-f Head-0f- 

Line blocking afl^M ^trVOQ 7 r *H , ^3*1 fabric^] ^4- 

non-b locking ZL^r ^H*l fabric 4i* r Sl crossbar ^Efl# 7 r *lfe ^^7} rfl w-^o] 
cf. Input-Queued switch°fl^i input port^f output port 0 !^ contention ^->fl# 
*fl^«H 100% V}*] throughput -t- afl^tr 4 1 arbitration s|e 

igo] z\]°Ys\jl &t}. =l ^1 ^parallel iterative matching (PIM) 
(U.S. Pat. No. 5, 267, 235), 2-Dimensional Round Robin Matching (2DRR) 
(U.S. Pat. No. 5, 299, 190), iSLIP (U.S.Pat .No. 5, 500, 858) , Dual Round Robin 
Matching(H. J. Chao and J-S Park, "Centralized Contention Resolution Schemes 
for a Large-Capacity Optical ATM switch, Proc. IEEE ATM Workshop97, Fairfax, 
VA, pp. 10-11, May 1988) ^4 ^ <£jlz\^o] oicf. ^ ^lS]ff^ 

100% throughput ^ 7>^*>*li& ^eo} ^arbitration 

time limitation^: 7}*| A] S\E.S. rfl-g-^ ji^ 3-§-°l ^^-§r 
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7}*]JL &tt. ^o] 7}^- ^o] qjg-o] sl^cl iSLIP^ 

32SH ^*H1^ ^-g-°l 2.5 Gbps 7>*1^- efle} 

^- 512 x 512 3.7}9\ crossbar switch fabric°l ^-S-^KB-S. °1 

# ^ crossbar switch fabric^ 7]^9\ arbitration ^HKr°i t 2 "^^^ 

Distribution Network7l ^ channel group switching ^ (U.S.Pat .No. 5, 724, 35 
1)2}- J^ofl ^ro] Ji oi^ cios vilB^la ^Bfl^ crossbar switch^SCF. M. 

Chiussi, J. G. Kneuer, and V. P. Kumar, " Low-cost Scalable Switching 
Solutions For Broadband Networking: The Atlanta Architecture And Chipset", 
IEEE Commun. Mag., pp.4453, Dec. 1997. )7> $X^. Channel group switching ^ 
^ 4i-§-^ group^*l °1 31 -g-^ ^ 91^ # 

9X*\^ ^o>x]ig Distribution Network^ *£t\}7} ofl^- 

d\ cfl-g-^ o]e)°- cj-^ol oicf. cios f§^°) crossbar 

switch ^4- IB^l ^S7} ^flShH.^ ^Sl BHfl^^l 

load-1- 7} 7} ^tr ^-^-tr scheduling °1 ^-9.^- ^ OrM^, 2.4=- °d 

#^ IBS] ^ °H1 «1^*>^ JL#a] crossbar switch ±.7} 7} 

HI tfl-g-^= ^H*]^ ^ofl ^^O] Ojt}. 
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£ ^S.7> ^fl*}^ ji^o] cfl^ ^cq^ofl 

^-8- 7>^*V ^>7>^ -tflai ^s<4 o]e^ i^^l^^l 
arbitration «<H^ ^l^tt^f. ^ ^#7>^ ^-f ^frS. 

Crossbar Switch Unit^-i- <£^}<*\ tflfl-s. i^l-i- ^^Kr *fl<£*> 

^, ^Sr^i arbitration^^ ^-f #^rtr arbitration time margin* 7>^l^^i 
100% throughput * =r $1^ HH-S- 

[5. 1]^ -g- ^£|N x N nflegj^ i^l^l f^t S^ltr 

^olcf. -M. N7flS] Input Port(10)Sf N7fl^ Output Port(16)Sf input porter 

output port A>ol^ ^ ^^>7l^tr N x N switch f abr ic(14)^S. ^^4. A 
Input Port (10)^ Head-Of-Line (HOD blocking^- ^1^ 41*}^ N7fl<q 

Virtual Output Queue M^f VOQS. S7l)# 7^1^, n 7fl2] VOQ^ n7fl 
^ VOQ^^ %°]*\ ^tH^SLS. £-5^ L7fl£] VOQ ZLf-ClD-ir <*|7H n 

N^) ^°HL=N / n o)t\-. L7fl^ VOQ n-f-(ll)^: z|4 ^€ switch fabric 
interface port(12)l: -g-em L7fl^ XSU(13H1 . 

ttj-eH z}- input port (10)^ 1 cell time slot ^91 ^rfl L7fl2] 4* switch 
fabric 0 )] 7]-^^>cf. 

N x N 3.71^ switch fabric(14)-€r L2 7fl£} crossbar switching unit 

36-10 



1020020083720 

XSU5. 3.7}) (13) 0.3. ^SlH, A XSU^ n 7fl^ input port [10]4+ n 7fl^ 

Output Port(16Hl ^#<>1 ^rf. z}- XSU(13)-b arbitration 7l 

^r°3 n7l]^ input ports[10]S^-B] #<H_$_^ €* n7fl<2} Output Port(16) 

A Output Port^ L7fl^ switch fabric interface port(15)# -S-^r°} #e)*J 
-2.5- £r^€ L7fl^) XSUU3H ^sMSl^, Output Port(16)fe <MS 4=-^ 
arbitration* a cell time slot ^9} L7fl^ XSU( 13)5.^1 i 7 fl^ 

€* output links. ^^*>^ 7}^^r ^tW. 

[£ 2]fe L27fl<^ ^ i^l* NxN3 

lE^i ^^Hr vfl^ ^ "o v ^# M-Ef-fl ^ojcf. XSU(13)^ n 

7fl£} input ports^f n7fl£l output ports-1- 7}*]^- n x n crossbar switch 
fabric(22)4, A output portal ^3.7]^ 4* tf#*t ^ 9X^r small size 
scheduling decomposition bufferOl^- SDB5. 3.7}) (24)3. n^^H 9X^. 
XSUC13) ^ A output porter SDB (24)7} 4* ^> 0 > 1"^ ^7} ^-f XSU(13) 

output port 1 ! ^€ arbitration* Sfl^ SDB(24)^] €* ^^*>^ 7}^ 

XSUC13) ^ input port^ output portal ^-g-slfe- arbitration «<H4£r 
Cr°J=tr «o^* ^-g-* -H^^-S. ^^^H 7># « c >^^ round- 

robin^tiV^ ^ojcf. 

crossbar switch module XSM^S. 5.71) (20)£- L7fl^ XSU(13) 

-£-5. ^^cf. *}u^ XSM (20)^r n7fl^ Input Port (lO)S^-Ei ^-o>^ N7fl2] 
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Output Port (16)3. ^^Rr 7]^# *ll^t}. m «i^XSM<Hl <3^5)^- input porter 
( m x n ) input portS-^f-E] { m x (n+1) 1 } input portal 0 l^r. # 

^ XSM^f n7B^ input ports^r fel^j^ Subsystem 

°l&|*b L7fl^ Subsystem^- °l-g-s r <*| N x N ^1^^^: 9Xt± modular 

7>x]ji jiODi <H«V^o_3 Multi-Rack^.3 t rfl-g- 

^ modular^>7fl =^ 5Utt #3* 7}*\ZL 91^. 

output port(16)^r memory- 1 ess ^Efls ^^H, L7fl^ SDB(24)3.^- 
Ei a time slot^t!: ^tfl l7fl£] Output Arbiter (26)7> output port 



^-g-^: ^ j2^t°-3. ^S^H 7H> u o v ^£- round-robing wis] «J- 

cfl^-olN x N 3.3.^} a>o]o) 
arbitration^ two stage distributed arbitration ^SiS. 0 }^<>\^ 9X^. 
stage arbitration ^ 4 XSU(13)<i ^*fl sta ge 

arbitration ^-^>^ Output Port (16)^3 ^r staged internal 

speed-up°] #3: ^-^^i concurrent t!r arbitration 7]^^ 

3J*d*H stage arbitration iSLIP^: XSU(13)^ A 

output port^ SDB(24)^1 #Efl ^-SLSl credit 3jJ±(l : SDB7> ^V*^ & 




s\. ^o] &^sltf. Output Arbiter(26)^ ^ cf«3=t!: lHl-§r 
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* ^4-, 0 : SDB7> >f-§- «>o>s.^ ^ oi^- ^-f)* A>-g-«rH arbitration 7l^fr 
^JM. XSU(13)^ arbitration^ -g-^ t^g-^ ^ 3 step.°S. 

sat)-. 

<29> 1 )Step 1. Request. In each time slot, non-empty VOQs send a request to 

every output port arbiter. 
<30> 2 )Step 2. Grant. Each output port arbiter chooses one request in a 

round-robin fashion starting from the highest priority elements if its credit 

is 0. It then sends the grant to the selected V0Q. 
<3i> 3 )Step 3. Accept. If an input receives grants, it accepts the one in a 

round-robin fashion starting from the highest priority elements. 
<32> 3J«l*fl stage arbitration^ tflSflA^ [J£ 3], [5. 4], [5. 5]*IM 3 step 

til* ^ ^el^* 6], [3E. 7], [5. 8]*IH ^ oj| 

<33> stage arbitration^ A Output Port(16)^[S. 7} 

<£JL^^ round-robin ^-g-^- ^ 2 step.* 3- °]^-o^ 5U 

<34> 1 )Step 1. Request. In each time slot, non-empty SDBs send a request to 

every output port arbiter. 
<35> 2 )Step 2. Accept. Each output port arbiter chooses one request in a 
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round-robin fashion starting from the highest priority elements. 

stage arbitration^] tflSjHfe [S. 9]°\}*\ ^ <i» ^ 

[£ 3]£r XSIK13H ^-g- 7}^ arbiter^ l&T)] %-^°_^*} 

Request ^]Jl^ 14^^ ^Mi}. £ ofl^ 47^ j nput por ts^ 

471)3] output ports* 7\A^ 4x4 XSU^] ^M^. A input port 1 ! Accept 
Arbiter(30-1) - (30-4)7> A arbiter^lfe port 1 ! highest priority value 

* *)#*r7l ^tr accept register^ aO ~a3 °1 A register^! 0 

°-S. 7>^tbi=r. ^ output port 1 ! Grant Arbiter (32-1) ~ (32-4)7} 91°.^ A 
arbiter°fl^- port 1 ! highest priority value-!- 7-|^}-S r 7] $\"%V grant register^! gO 
~g3 °~\ A register £] liA 0°-£. 7^^. A input port 1 ! non- 

empty VOQ^ ^-tflofl nj-eH request ^31-1- ^fl^^V^ output portal 

tr^f. <^1» #^ Input port 0£] ^ output port O^f VOCN ^l^tr 

l'S ^l-^^l ^2fl*}<*| *fltg- output ports request ^.^cf. XSU(13)£] Zf 

output port^b SDB(24)2] ^Hfl ^iL<y credit *3iL» 7>^7fl S^t-fl ofloflA-] 
output port 0^ ^-^ credit SDB7 r full^l -#3)^- o^l^, 

7$<z\*V uf^xl output port^ credit O^S^i J^tt l7fl °Rl-S] |f *}-o> 

*^ ^7> ^ ^-Hfl<y* ^Ht^. 

4]^ ^ ^2] XSU(13H1 3-§- arbiter^] 2^1 ^-3}-o.^ 

Grant ^IJL^I ^2}- M-E}\fi ?A°}^. Output port 0^] ^-f credit & 
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o] lo]E-£. o]a^ ^o. a>o}s-^ + 7 } <&o_E.S. grant ^JL# input portal # 
^fe^r. ^ output portal ^-f credit o^lJE-S. Grant Arbiter 

(32-l)~(32-4H ^^^Hoi^ highest priority valued. ^ round-robin 
request^* =L ^ s}irt ^tr^r. <^l# ^ output port 3^ Grant 

Arbiter (32-4)^ ^-f ^*|) highest priority value7> 0o]jl input port 2&\- 
input port 3-2-5.-^ request "c^^S input port 2^]7ll grant -ti^ir 

^.\H^. Grant Arbiter (32-1)- (32-4)5] highest priority value updated 3^711 
accept accept* ^>£r °l^°fl ^ s.o|^l^^ a. 2^7iHH Grant Arbiter 

(32-1) ~ (32-4)^ grant register gO ~ g3 $\ V&AQ ^% -fM*V 

A. 

[S. 5]^ ^ ^"^^ XSU(13)ofl :q-%r arbiter^ 3^31 ^o.5>| 

Accept 4]5L^ ^4 ofll- M-Bf\H Output Port Arbiter(32- 

l)-(32-4) grant input port^ Accept Arbiter (30-l)~(30- 

4H] ^l^sH^l^ highest priority valueS-Jf^ round-robin ^^flS. grant ^S. 

Input port 0^1 ^-f output port l^l^^ grant -tl^L-fr «>$i:°-2-5- sfl^ ^ 
accept ^13:1- ^l^M , zl input port 0^ Accept Arbiter (30-1)^ 
highest priority value* 23. set*} 13 } , output port 1 Grant Arbiter (32-2)^1 
^-t- highest priority value* 15- sett!:^. ^ A-£r time s 1 ot °ll input port 0 
^ output port 2<H1 , output port 1^1 ^-f input port 1 
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Input port 2£] ^-f ^^fl highest priority value7> Q°]JL output port 2$\ 
output port grant u i^S output port 2<H]7fl accept 

Jii^H, zl ^ input port 2^ Accept Arbiter (30-3) £l ^-f highest priority 
value* 33. set^H , output port 2 ^| Grant Arbiter (32-3)^ highest 
priority valuelr 3°-S. sett!: 1 ^. 

[£ 4]^1^ output port 3^ Grant Arbiter (32-4)^1 ^-f grant ^Is* 
input port 23. ^i^r^l ^ 3^ A 1 input port 23. accept ^IJlI- ^1 
:£*rSi^H.3 Grant Arbiter (32-4)^1 highest priority valued 0^.3. :ztfl3. -fr 

6]£: XSU(13)^ Grant Arbiter(60H) rfl^ ^ ofl 

1- M-Ef\S Request Signal Vector(61)7> XSU(13)£] Grant Arbiter (60) <>fl 

^^^f. Request Signal Vector(61)^ n bit 3.7}S. XSU(13)^ input port^H 
^•^ output ports. ^l^Vfe request ^H^rt}. 

Request Signal Vector(61)^ Round Robin Selector(62Hl <£l^t}. Round 
Robin Selector(62)^ Grant Arbiter gj (65)°fl t^^M highest priority 

valued-?- E] round-robin ^Efls. Request Signal Vector (61)1- 
request^ ^2. *>M-& ^d^tr^f. Round Robin Selector(62)^ -ti^-S request -il 
tfl^r ^3*1 log(n) 3.7] ^ #^tr^. log(n) 3.71 ^ ^IJl^ Grant 

Arbiter(60HH input port^ M-EtW. °1 +1 
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Adder (64 H modular n ^eflSl ^7>^ Grant Arbiter gj (65) <H] 

^dt^cl-. £/' (65H1 it^r Accept Signal (66)# ^* ^-f^' (65)°fl 

tf. Accept Signal (66)£r Grant Arbiter(60)7> >$^tr grant ^^7} accept 3&-§- 

Round Robin Selector(62)b ^4^1^ir Grant Signal Decoder (68)S 
A. Grant Signal Decoder(68)b SDB State Signal (67)<Hl n bit 3.7]°] 

Grant Signal Vector(69)# ^tb^f. SDB State Signal (67)^ [5L 2]^) SDB(24)^| 
H^fe 4]JlS>H SDB7> ^-g; t£<WS ^ ^ 0, SDB7> H-§- ^o> 

1-^ IS 3E*l^)i=h Grant Signal Decoder(68)b SDB State 

Signal(67)°l l<g ^-f Grant Signal Vector (69)1- S.^- OAS set*H, SDB State 
Signal(67)°l 0<£ Round Robin Selector (62) bit ^ IS. set^> 

al M-^^]^ OAS set*><^ #^^4. Grant Arbiter(60)^ afl^fe output 

portal SDB7]- ^> 1-°^ *r ^^1^1 -f-id£$Hl nJ-eH n7fls] accept 

^IJl # ^>M-» grant ^i* £H*H=f. 

[3= 7]£r ^ XSU(13)S] Accept Arbiter (70) <*fl tfltr «fl 

» M-B^Vfl 33°!*}. Grant Signal Vector (71)7} XSU( 13) ^ ' Accept Arbiter (70)«fl # 
^•€4. Grant Signal Vector(71)^ n bit 3.7}S. XSU(13)£) output port<HH ^ 
input ports. ^^Vb- grant -tlJl-lb tr^f. 

Grant Signal Vector(71)^ Round Robin Selector (72 HI <£^^t}. Round 
Robin Selector (72)^ Accept Arbiter £l ai (75H1 ^^^H &b highest 
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priority values.^ round-robin %^S. Grant Signal Vector(71)# ^^s}-^ 
-§-^3. grants ^.S. *rM-# ^ Round Robin Selector(72)^ grant 

^IJL^l tfltb log(n) 371^ #^tr^. log(n) 3.715] aIJl^ 

Accept Arbiter (70)<HH ^d^jtr output port 5] 3iJiL-I- M-^^t^-.o] ^jy.^ +1 

Adder (74 H ^*fl modular n 1^1 ^7f^ ^ a/ (75)^1 ^^-^4. 

Round Robin Selector(72)^ ^^Hd^l-I- Accept Signal Decoder(76)S 
tb^r. Accept Signal Decoder(76)^ log(n) 3.7}9\ ^_3\^5L°\} *fl^-£]^ bit >?]-§- 
IS. set^V^l M-^^l^ set^M n bit 3.7}9\ Accept Signal Vector (77)1- 

[3E. 8]^r XS1X13H1 ^-g-sl^ XSU Arbiter(80)5] <£X\ 

^Bf^ %o]t±. XSU Arbiter(80)^r n2 bit^ State of V0Q (81), n 7fl5] 
Grant Arbiter (60-1) ~(60-n), n 7fls] €-i+€Accept Arbiter (70-1) ~(70-n), 
Crossbar Switch Fabric Control ler (82) , ZLS]J1 SDB Control ler(85)S ^€4. 

n2 bit^l State of V0Q (81)fe XSUQ3H ^^r^fe n 7fl^ input port t 7> 
n 7fl^ VOQ^l ^ #3)1- M-^vfl $2.3, V0Q7]- non-empty^ 1°H 
empty °^ II 05) 7>^t}. 4 Grant Arbiter (60-1) - (60-n)£- [5. 6] 51 

Request Signal Vector(6lH sfl 1 ?^}^ n bit^ $3.^ State of V0Q(81)S-4^ # 
^ «lo> [s. 6]5] Grant Signal Vector (69)<*fl Sfl^*}^- n bit 41 
Accept Arbiter (70-1) - (70-n)S. ^^tr^f. 

^ Accept Arbiter (70-1) ~ (70-n) ■& [£ 7]5] Grant Signal Vector(7lH] 
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*fl^>^ n bit ^ ^Ji-I- ^ *lro}- [5. 7]^ Accept Signal Vector (77H1 
bit ^^*>°^ Crossbar Switch Fabric Control ler(82)S ^^r^K 

Crossbar Switch Fabric Control ler(82)^- n x n crossbar switch fabric^) 
A cross-point-i- *H°l*r7l n2 bit^l crossbar control signals(84)^4 output 

port % accept sj-^M n bit^ Accept Signal (83)1- ^^trCf. Crossbar 

Switch Fabric Control ler(82)^ Accept Arbiter (70-1) ~ (70-n)5.-^ #^£1^ 
accept signal S-^rtf output port ^ accept ^-^1" Br^r°l Accept Signal (83)^1 
sfl^S]^ bitl- IS. set tH^r. 

SDB Control ler(85)^r SDB^l #Efl«- sJ-^>^ SDB^ ^7} 4.^r tf*<klk ^ 
9l^r ^-f 0, « ^ ^-f 1°] SDB State Signal(86)^r ^*Rr 7l 

^ ^tH}. SDB Controller (85)^ SDB^H 1-t <>l#sl ^o] oi^- 34. 
Request Signal Vector to Output Arbiters(87) ^1^:1- Output Arbiter^ 

^^r^r^r. Accept Signal Vector from Output Arbiters(87)^lJl^ Request Signal 
Vector to Output Arbiters(87) -tl^l tfl^ Output Arbiter^ ^.A ^S.S.*\ °1 
* ol-g-^H SDB Controller (85)^ ^ time slot^H 1 eel 1^1 BBr^M"^: SDB1- 
<r Sl^r. SDB Control ler (85)^ Accept Signal (83)S-fEi cf^- time slot 0 !] 
^ 1 cell°l € SDB# ^1^- *r 9X^. SDB Control ler (85)^ Accept 

Signal (83)^}- Accept Signal Vector from Output Arbiters(87)^] J:* ^>-§-*><^ SDB 

[5L 9]^ output portal ^-%- 7>^tr Output Arbiter (90)^1 
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^ ofl-g- M-E)-^ ^o]cf. Request Signal Vector to Output Arbiters(91)7 r 

Output Arbiter (90)^1 ^ir^r}. Request Signal Vector to Output ArbitersODfe 
1 bit 3.7} S. 1 7fl£) XSU<M Output Arbiter (90 HI ^iWfe request 
Request Signal Vector to Output Arbiters(91)^ Round Robin Selector (92) 
^■^Cr. Round Robin Selector(92)^ oj (95H ^i^sM $X^r highest priority 
valueS. round-robin ^^flS. Request Signal Vector to Output Arbiters(91)# 
^-g-°.S. requests Us. *>M-# ^tr^f. Round Robin Selector (92)^ 
<d^€ request tfltr ^^^i log(/) 37l<2] AiJi-i- #^fri=f. log(/) H7l 

*IJl^ Output Arbiter (90HH ^^tr XSU^ M-^vflcf. 
^ +1 Adder (94)^] modular / ^7}£ ^ ai (75H 7-]^rf. 

Request Signal Vector to Output Arbiters(91)^- ^^HJJl-i- Accept Signal 
Decoder(96)S ^^tr^K Accept Signal Decoder(96)fe log(/) 37\°\ ^sH^-M 
sfl^-Sl^ bit ^-%r IS. set^V^l M-^l^ OAS. set*} 0 } / bit 37}$] Accept 
Signal Vector from Output Arbiters(97)€- ^^tr^K 

[5. 10]-& 7}^^ N x N Switch^ tfltr Arbiter(lOO)^ 

M-Hfvfl ^Jolcf. N x N Switch^ rfltr Arbiter(lOO)^ L2 7fl2l £-^XSU 
Arbiter (80-1) - (80- / 2)^N 7fl^ ^-^Output Arbiter (90-1) ~ (90-N)» 
interconnection tr°-3. ^^^f. ^r XSU Arbiter (80-1) - (80- / 2HH 
^ Request Signals to Output Arbiters (102-1) ~ (102- / 2)^ Output 
Arbiter(90-1) - (90-NH] ^^^H , A Output Arbiter(90-1) - (90-NHH #^ 
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Accept Signals from Output Arbiters(104-1) ~ (104-N)fe XSU Arbiter(80-1) 
~ (80- / 2H €4. 

7H V w>^tb -S*H* 

1^32**1^, £ ^71 7flAl^ ^jAHH tb^Sl^ ^#=l*r 

Jl-B]-] 

N x N Switch*!] rfl*V arbitration^ L2 7fl^ £-^V=lXSU Arbiter^N 7fl<2} 
-MOutput Arbiterl- interconnection tK^-S. -tM^SM, XSU Arbiter^ n 7fl 

^ ^€Grant Arbiter s+ n 7fl^ ^ -^Accept Arbiter 3*1 ^ 7}^}E.S. 

^-f scalability 7]- nfl-f ^-rf . EE*}- S.€- arbitrat ion°l .n^^SHl 7}-^- 
3^?r round-robin7l^S. -g^o] 7>^^|-cf. 4^ -M. ^-^^ ^fl-JE. 

Crossbar Switch Unit#* ^5. ^fr^. iflal* Si^ 

^flfr-S. ^£|*H ^^-tr arbitration^^ ^rtb ?A°-3. ZL^ tfl 

^ i^^ll- ^^>7l ^ S^i^ ^ scalability^- arbitration 

y cM°ll tflSflAi single iteration in a time slot uniform 
traffic^ rfltb ^-g-elM^* ^^^^-^ S^i^ E}- «J-^(PM, iSLIPHl 

«1*1H -M3-°-3. -f^rtr ^ ^^^1^1- 7M^^100%S] throughput* 
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arbitration time margin* 7>*]JL sT *r &^r. 
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l] 

N7fl^ Input Ports}- N7flS] Output Ports}- N x N switch fabric^S. ^S)^- 
i3l*HH, A Input Portfe N7fl<2} Virtual Output Queue V0Q3. 57l)l- 

n£- N^l ^o]t*|l=N / n %7\}A aflN 7^ VOQ^ £*}*}^S n7fl 

£} VOQ^S ^-<>M l-s}^o.s ^-s]^ L7fl£} VOQ nl-^- L7fl£] VOQ =l 

f-£ ^ switch fabric interface port* ^f-SM #s}3°-5 L7fl 

£} XSlH 4^ N x N 3712] switch fabric^: L2 71} £} crossbar switch 

unit XSUS. 5.71)^.5. ^^H, A XSlfe arbitration 7l^-§- %?>\ 

<*| n7fl<2} input ports^^-H-i n7fl£} Output Ports. ^^*>^ 71^ 

^SSfral, 4 Output Port^ L7fls} switch fabric interface port# tMH ^r?m 
£-3- L7fl^l XSlH ^^H^-^ arbitration^: a 

cell time slot ^9} L7fl£l XSUS-^-Ei l7fl£| 4* #^ Sl^fe 

71^ afl^Hr ^iS .sHr #*1. 

[^T 1 * 2] 

1 %H1 5fl°W, 

XSU^gr n7fl^l input ports^f n7fl^| output ports-I- 7}*1^ n x n crossbar 

switch fabric*}-, A output portal 0 ^3.7]9) *j3r*h *r small size 

scheduling decomposition buffer (°]3f- SDB3. 5.71)3. ^£l°1 XSU^l Zf 
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output port^ SDB 7} M ^rA 91=- ^ XSU output port 1 ! 

arbitration-i: ^ SDB^l *!3r*rfe #^1 . 

[^T 1 * 3] 

1 51^^, 

^-M-^ crossbar switch module XSMAS S7]) L7fl<2l XSUAS. ^ 

sH, £>u(- 2} XSM^r n7fls] Input PortS.-^ ^-o>^ N7fl^ Output PortS # 

aO^tN &o^ m ^^XSM^l input port^ ( m x n ) 

input ports. { m x (n+1) 1 } ^^fl input portal °}JL, ^ XSM^r n7fl£l 
input ports^ AS Subsystem AS 9X3- , °]^\^t L7fl^ 

Subsystem^: 6 l-g-sr><^ ^d^l N x N ^ oi-fe- modulartr A*) 

4] 

*« i sfl°H, 

^>M-^| Output Port^ memory-less^S ^^M, L7fl£| SDBS^fBl a time 
slot^^r ^rfl i7fl^ Output Arbiter 7> output ports, ^^l-b 7] 

f)SQB(in,ULmodfi) 

31* ^AS S}^ 
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[^T 1 * 5] 

*fl 2 %H1 

XSU^I arbitration^ n2 bit^ State of VOQ , n 7fl^ ^^Grant 
Arbiter , n 7fl£} -g-^^Accept Arbiter, Crossbar Switch Fabric Controller, 
?]JL SDB Controllers. t^SJjI, n2 bit^l State of VOQfe XSlH ^S)^ n 7fl 
3 input port 1 7}*lJL n 7fl2l VOQ^I ^*fl #3|# M-^hH 7 A°-3-*\, 

Grant Arbiter^ n2 bit^l State of VOQ ^ n bit Request Signal Vector* 

n bit Grant Signal Vector n 7fl^ Accept Arbiter^. ^ 

<Q Accept Arbiter n bit Grant Signal Vector ^Ji-t- ^>«> n bit Accept 

Signal Vector ^1JL# ^#*"H Crossbar Switch Fabric Control lerS. ^i^^-ji 
Crossbar Switch Fabric Controller^- n x n crossbar switch fabric-^ Q cross- 
point* ^il 0 !*^! n2 bit^l crossbar control signals 2 ]- output port ^ 
accept #31!- sJ-^t^M n bit^l Accept Signal* ^#*}:n., SDB Controller^ 
SDB^I #31* 4^*H SDB3H 1-t °1#^ €°1 $Z-ir Request Signal Vector 
to Output Arbiters #51* Output Arbiter°fl ^iHj-jL ZL ^-B)-S*| Output 
Arbiter 5. ^fE-1 ^i^s}^ Accept Signal Vector from Output Arbiters^lsi^f 
Crossbar Switch Fabric Control lerS^-Ei ^i^^ Accept Signal^- °]-§-*M SDB 
21 Aj-E]]!- sj-oi-Q: ^ *}*= #*1. 
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[^*J- 6] 

*0 5 %H1 &<>H, 

Grant Arbiter^ n7fl^| input portS^ ^sfl^- request f 1 *>i4 

1- ^difl^l $X°]*] Grant Arbiter^] ifl^- efl^l^E^l highest 
priority valued. round-robin requester input 

portl- ^ Grant Arbiter 7} afl^s)^- output port^ SDB7 r ^7} 4-8: ^r 

*r 5^ ^-M^ *f|#5|*r input ports, grant ^^*>JI ^ 

^4- grant , j nput por t^ port ^iL^ modular n 

I^Sl ^7>^ ^ Grant Arbiter 7> grant tr input portS-M accept 412--5- ^> 

# ^-f^^l: ^flS£- highest priority valued ^ 3l*l^E-H ^^>ji zl^^I 
SM- ^ highest priority value* -{f*l*r^ Z}^ ^ 

[^Jt 1 * 7] 

5 *<H1 

Accept Arbiter^ n7fl^| output portS.^-^ ^sfl-g- grant -tls. 1r ^>M- 
1- *]i>j*Vofl oi^a] Accept Arbiter^ iflJf Jfl^iBli ^^<H &tt highest 
priority valuesL^f&l round-robin ^^flS ^^s><^ ;*|-g-_o_j5L grants output port 

♦ #^tr sfl^ 5 ^ output ports accept ^Is* ^^r^-Jl, output 
portal port ^Ji-I- modular n ^7>tb ^ A flS^- highest priority value 
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iM ^ *i#*Hr ?A^r ^3 

8] 

A i %H 5a°W, 

Output Arbiter^ l7fls] XSU-^S^-E^ *Hfl£- request ^Is. # ^>M-# 
^^Ml Output Arbiter^ vfl^- a?|*l>iEH oj,^ highest 

priority valued. round-robin requester XSU* -id 

^tr ^ «fl^5)fe XSUS accept ^^Jl, XSU^ ^iL«- modular n 

^EflSl ^7>tr ^ *fl5.£ highest priority valued vfl^ efl*l^EH ^^fe 

9] 

l %H1 5U<>H, 

N x N Switch^] cfltr Arbiter* L2 7fl2] -g-^xSU Arbiter 7fl^ -g^s} 
Output Arbiter* interconnection #£.5. &<*M L2 7fl£] £-<MXSlfe 

Request ^Jll- Output Arbiter^ ^liH^ , N7fl<^ Output Arbiter^ 

Request -ilJl* ^e|tr ^^^1 Accept 4151-1- XSU Arbiter^ ^ 
XSU Arbiter^ n 7fl5] ^-^Grant Arbiter £f n 7flfi1 ^-^Accept Arbiter^ 
^-1: ^JlS ^ 
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[51 2] 
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[5L 5] 




Accept Arbiter Grant Arbiter 
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[51 10] 
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